In recent years there is an increasing interest in obtaining and investigating composite materials that comprise nanoparticles as fillers and polymers as matrix. Such composites may display combined features of both components, and sometimes even novel properties resulting from their mutual interactions. It is important that both unique size-dependent properties of nanoparticles and favorable properties of polymer material remain preserved in the composite. In this research we investigated the possibility of obtaining composite material using as polymer matrix poly (methyl methacrylate) -PMMA and 
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Introduction
The general class of nanocomposite organic/inorganic materials is a fast growing area of research which is generating many exciting new materials with novel properties. The latter can derive by combining properties from the parent constituents into a single material. There is also the possibility of new properties which are unknown in the parent constituent materials.
Rare-earth ion doped nanocrystals dispersed in a transparent polymer medium are of special interest as potential optoelectronic materials that may find applications as light emitters for integrated optoelectronic and photonic circuits. This type of nanocomposite provides phosphorescent material with optimized local environment for both optical and thermal stability [1] [2] [3] .
Among broad variety of available polymers, poly (methyl methacrylate), (PMMA), with its outstanding mechanical, chemical and physical properties, represents a particularly suitable embedding medium for nanoscopic inorganic fillers. PMMA possesses a unique combination of excellent optical properties (clarity, transparency from the near UV to the near IR) and chemical inertness, some good mechanical properties, thermal stability, electrical properties, safety, weather resistance, formability, and * corresponding author; e-mail: dramican@vinca.rs easy shaping [4] . A further advantage of PMMA relies on its large availability and easy preparation [5] . PMMA embedding inorganic or organically modified inorganic particles has been cast into films to yield enhanced functional properties such as photoconductivity [6] , photoinduced charge-transfer [7] , nonlinear optical properties [8] , photoluminescence [9, 10] , mechanical [11] and magnetic properties [12] .
In this paper we analyzed phosphorescence and thermal properties of nanocomposites prepared from PMMA and Gd 2 O 3 :Eu 3+ . Phosphorescence emission, transition rates and quantum efficiency of nanocomposites are compared to those obtained with Gd 2 O 3 :Eu 3+ nanopowder, while temperatures of glass transitions and nanocomposite thermal stabilities are compared to those found for pure PMMA.
Experimental
In 3+ nanopowders were dispersed in xylene (Aldrich), by stirring with a high sheer rate for 18 h, followed by treatment in an ultrasonic bath for 3 h. PMMA was dissolved in the same amount of xylene. After that, the slurry containing phosphor nanoparticles was added to the polymer solution and the mixture was pured out on a flat surface. The solvent was removed by evaporation under ambient conditions. After evaporation of solvent, content of nanophosphors in PMMA matrices was 1, 3 and 5 mass %.
Structure and morphology Gd 2 O 3 :Eu 3+ nanoparticles are presented in Ref. [13] . In brief, X-ray diffraction (XRD) measurements showed cubic structure (206 space group Ia3) with average particle size of around 30 nm. Transmission electronic microscopy (TEM) analysis showed that particles have size in the range of 20-50 nm.
Photoluminescence emission spectra and lifetime measurements were done at room temperature, on the Fluorolog-3 Model FL3-221 spectroflurometer system (HORIBA Jobin-Yvon). For emission spectra measurements a 450 W Xenon lamp and TBX detector were used. For the lifetime measurements 150 W pulsed Xenon lamp and TBX single photon timing system were utilized.
Differential scanning calorimetry (DSC) measurements of PMMA and PMMA/Gd 2 O 3 :Eu 3+ nanocomposites were performed on a Perkin-Elmer DSC-2 instrument in the temperature range from 50 to 150
• C. The heating rate was 20
• C/min. In order to prepare samples with the same thermal history, samples were heated prior to measurements above the glass transition temperature and then cooled down (heating and cooling rates were 20
• C/min). The thermal stability of pure PMMA and the PMMA/Gd 2 O 3 :Eu 3+ samples was investigated by non-isothermal thermo-gravimetric analysis (TG) using a SETARAM SETSYS Evolution-1750 instrument. The measurements were conducted at a heating rate of 10
• C/min in a dynamic argon atmosphere (flow rate 20 cm 3 /min) in the temperature range from 30 to 500
Results and discussion

Photoluminescence measurements In investigated composites luminescence emission is provided via electronic transitions in Eu
3+ dopant ion. This emission is characteriscs of this ion and is influenced by chemical surroundings. Emission spectra (λ ex = 467 nm) of pure Gd 2 O 3 :Eu 3+ and of PMMA/ Gd 2 O 3 :Eu 3+ (1, 3 and 5 mass %) composite are presented in Fig. 1 . In this figure characteristic emissions [14] associated to Fig. 1 [14] . C 2 and S 6 sites differ from each other in the position of rare earth ion relative to oxygen vacancy. Due to presence of inversion symmetry for S 6 site only the magnetic dipole--induced transitions may occur (∆J = 0 or 1, but 0 → 0 transition forbidden) [16, 17] . Therefore in luminescence spectra of Eu 3+ doped cubic sesquioxides only one line with very low intensity originates from Eu 3+ ions in S 6 sites, and practically all observed transitions comes from Eu 3+ ions in the C 2 sites, Table I . Stark components of the 7 F 1 manifold are also clearly visible. Figure 2 shows the results of the emission lifetime measurements (λ ex = 467 nm, λ em = 611 nm) of pure Gd 2 O 3 :Eu 3+ powder and PMMA/Gd 2 O 3 :Eu 3+ composite at room temperature. The luminescence decay profile could be fitted by a single-exponential function. The calculated lifetime values are given in Table II . Obtained rather high values are characteristic of europium species with low non-radiative energy transfer probability that is very favorable for further applications. 
Inserts in
Experimental intensity parameters, transition rates
and quantum efficiency of the
The spectra of trivalent lanthanide in solution or crystal lattice arise from forbidden transitions within the 4f n -configuration to which the Judd-Ofelt (JO) [18, 19] theory has been successfully applied in quantitative determination of its optical properties. The application of JO theory to the quantitative analysis of Eu 3+ emissive properties in matrix is nicely presented by Werts et al. [20] , and can be summarized as follows.
Radiative relaxation from an excited state Ψ J of a lanthanide ion usually occurs to various lower lying states 
Where ν avg is the average transition energy in cm −1 , h is Planck constant (6.63×10 −27 erg s), 2J +1 is the degeneracy of the initial state (1 for The remaining transitions (J = 2, 4, 6) are purely of induced electric dipole nature, and the strength of all induced dipole transitions can be calculated on basis of only three phenomenological parameters Ω λ (JO parameters) using following equation
Where e stands for elementary charge e and | Ψ J U (λ) Ψ J | 2 are the squared reduced matrix elements whose values are independent of the chemical environment of the ion. For the case of Eu 3+ these values are given in Refs. [20] (Table I ).
The R 02 intensity parameter, defined as the ratio between the intensities of the 
Then, probabilities of each spontaneous emission (radiative rates) can be obtained from Eqs. (1) and (2) 
where τ stands for the emission lifetime.
Results of calculation are given in Table II (refraction index is taken from dispersion relation given by [21] . Since the emission band for
F 6 transition, centered at around 810 nm, could not be detected due to limitation of measurement spectral range, we can only determine the value of Ω 2 and Ω 4 . However, it has been shown that the influence of Ω 6 can be neglected in determination of radiative properties of Eu 3+ ions [22, 23] .
TABLE I Squared reduced matrix elements used for calculation of dipole strengths of the allowed induced ED transitions in the emission spectrum of Eu 3+ , taken from [19] . 
Thermal analysis
The glass transition behavior of the PMMA and nanocomposites was investigated by DSC. The heat capacity curves of the pure PMMA and PMMA/ Gd 2 O 3 :Eu 3+ nanocomposites are shown in Fig. 3 . A shift in the slope of the heat capacity curves towards higher temperatures was observed after incorporation of Gd 2 O 3 :Eu 3+ in to the PMMA matrix. This slope, of course, corresponds to the glass transition temperature (T g ) of the polymer. It should be emphasized that the glass transition is not a true phase transition since the derivative of the heat capacity can be a continuous function of temperature. The different segmental motions lead to the glass transition spectrum. nanocomposites glass transition is slightly improved in respect to pure PMMA. The broadening of the glass transition region for the PMMA/Gd 2 O 3 :Eu 3+ was also observed. If we assume that the T g corresponds to the motion of segments with some average length, then the presence of filler particles alters the distribution of segmental lengths and consequently induce changes in the glass transition region.
The thermal stability of the PMMA and PMMA/ Gd 2 O 3 :Eu 3+ samples were examined by non-isothermal thermo-gravimetry. It is known that PMMA thermally decomposes by depolymerization [24] . The thermal stability of free radically polymerized PMMA is significantly affected by the presence of unsaturated end groups and head-to-head bonds obtained during termination by disproportionation and combination, respectively. The thermal degradation of PMMA occurs in three stages, characterized by three minima in the differential thermal gravimetry (DTG) curve at about 180, 300 and 380
• C at a heating rate of 10
• C/min [25] [26] [27] [28] . These stages have been attributed to different modes of initiation of depolymerization. The first peak corresponds to depolymerization initiated by the scission of the weak head-to-head bonds and the second one corresponds to depolymerization initiated by the unsaturated vinyl chain ends. The third peak corresponds to depolymerization initiated by random main chain scission. Table IV . For broad peak that corresponds to PMMA/5 mass % Gd 2 O 3 :Eu 3+ peak position temperature was taken at the peak midpoint.
The first DTG peak which corresponds to depolymerization initiated by the scission of the weak head-to-head bonds not only shifts to the higher temperatures but also becomes broader or even splits into several bands for the composite samples (Table IV , T min1 ). This could not be attributed either to depolymerisation initiated by the scission of the weak head-to-head bonds or depolymerisation initiated by unsaturated vinyl ends. It can be as- sumed that it was caused by the removal of volatile low molar mass components generated during the preparation of composites. The most intense DTG peak (T min2 ) for all investigated samples is peak which corresponds to depolymerization initiated by random chain scission at 369
• C (PMMA) and at 370, 373, 375
• C (composites with 1%, 3% and 5 mass % of Gd 2 O 3 :Eu 3+ ). Samples do not contain peak at 300
• C which corresponds to depolymerization initiated by the unsaturated vinyl chain ends. The obtained results indicate that the incorporation of Gd 2 O 3 :Eu 3+ preserves or even slightly improves the thermal stability of the PMMA matrix.
Conclusions
The PMMA/Gd 2 O 3 :Eu 3+ composites exhibit characteristic red phosphorescence from electronic transitions in trivalent europium ions. Quite good quantum efficiencies, from 23% to 35%, are achieved, suggesting promising applications for these composites. From presented data one may conclude that the optical emission, the main function of inorganic phosphor filler, is completely preserved in prepared composites. Also, thermal analyses give evidence of unchanged or even slightly improved, thermal stability of polymer phase in composites.
